Macroamylasemia is a condition of elevated serum amylase levels in which normal serum amylase form a complex with high molecular weight proteins such as immunoglobulins. This is a case report on a patient with macroamylasemia following acute asthmatic bronchitis. A 5-year-old male with cerebral palsy and developmental retardation was admitted to our hospital because of high fever and severe cough. Treatment of the respiratory symptoms provided symptomatic improvement, but the serum amylase levels became suddenly elevated. Although acute pancreatitis associated with respiratory infection was initially suspected, a predominant salivary isoamylase, normal serum lipase level, low urine amylase level, and low amylase-creatinine clearance ratio (ACCR) (0.58%) indicated macroamylasemia. The serum amylase level decreased, and the ACCR increased within normal range 2 weeks after discharge. Both of these indicators have been within normal range over the past year. Transient macroamylasemia can be misdiagnosed as acute pancreatitis, especially in a severely multiple-handicapped child who is unable to complain. The ACCR is useful in the diagnosis of macroamylasemia.
Introduction
Macroamylasemia is a condition in which normal serum amylase form a complex with high molecular weight proteins such as immunoglobulin A and rarely immunoglobulin G [1] . In 1964, Wilding et al. firstly described the presence in circulating blood of an enzymatically active macromolecular amylase-immunoglobulin complex as a cause of persistent hyperamylasemia [2] . In 1967, Berk et al. referred to this condition as macroamylasemia [3] . Macroamylase undergoes a slower renal clearance rate due to its high molecular mass over a wide range (molecular weight, 150,000 -2,000,000 Da) [4] . A decrease in the urinary excretion of amylase results in retention in blood and an elevation in the serum amylase levels. Macroamylasemia reportedly occurs in 2.5% of all hyperamylasemic patients, and in 1% of apparently healthy adults with normal amylase levels [1] . It has been associated with various diseases such as celiac disease, lymphoma, the human immunodeficiency virus infection, monoclonal gammopathy, rheumatoid arthritis, and ulcerative colitis. The exact prevalence of macroamylasemia in children remains unknown, and there have only been a few reports on pediatric cases with celiac disease [5] , lymphoma in Wiskott-Aldrich syndrome [6] , Crohn disease [7] , and appendicitis [8] . In the present case, a severely multiple-handicapped boy had a significantly elevated plasma amylase level while in the hospital for acute asthmatic bronchitis.
Case Presentation
A 5-year-old male was admitted to our hospital with complaints of high fever and severe cough. He had hypoxic-ischemic encephalopathy in addition to severe perinatal asphyxia, epilepsy, developmental disorder, esophageal hiatal hernia, gastroesophageal reflux, and food allergy to eggs and peanuts. The patient had been managed at another hospital with eperisone, tizanidine, and chlordiazepoxide for intractable myotonia. An elemental diet had been administered through a nasogastric tube. His family history was unremarkable, and his past history showed frequent hospitalization because of recurrent lower respiratory tract infection.
One month before admission, he underwent gastrostomy successfully at another hospital for nutritional support, because nasogastric tube feeding did not fully protect against aspiration or ensure an adequate nutrition intake. Fervescence and cough developed 3 days before admission and persisted. A physical examination on admission showed marked emaciation (height, 100 cm; body weight, 9.8 kg) with a high temperature (38.9˚C) and tachypnea (respiratory rate, 52/min). The saturation of peripheral oxygen with a pulse oximeter was 88%. Chest auscultation revealed bilateral fine inspiratory crackles and end expiratory wheeze. Laboratory investigations demonstrated a white blood cell count of 4800/μL with normal differential. C-reactive protein (CRP) was markedly increased at 14.71 mg/dL, and procalcitonin was 2.42 ng/mL. No other significant abnormality was found in the blood biochemical tests, including the amylase level. Rapid diagnostic tests for the RS virus, adenovirus, and mycoplasma were all negative. Chest radiograph revealed an infiltrative shadow in the right hilar region and lower lung field. Although a low white blood cell count that is still within normal range may result from an overwhelming infection that exhausts white blood cells faster than they can be produced, hepatic dysfunction, renal dysfunction, and coagulopathy that are frequently observed in such a severe infection were not evident. Based on these findings, he was diagnosed with acute asthmatic bronchitis. Short-acting bronchodilators, inhaled corticosteroids, and intravenous antibiotics were commenced. He also received intravenous fluids to prevent dehydration. A congested nose developed and the creatine kinase levels increased probably due to hypertonia; these symptoms and aberrant values were transiently observed after admission. However, his respiratory status was gradually improved, and he became lively and active on hospital day 9. On hospital day 10, the CRP level was decreased to 0.14 mg/dL within normal range, but only a modest increase in amylase was observed (189 IU/L). Dysfunction of the liver and kidney was not evident. A change in facial expression was unclear when the parotid gland and submaxillary gland were palpated. No swelling of the glands was observed. On the assumption that the mild elevation of amylase was transient, he stayed out overnight at his home on a trial basis. He returned to the hospital without any incident on the following day (12) . In anticipation of discharge, blood examination was conducted, which revealed an unexpected further elevation in amylase (443 IU/L). Abdominal tenderness was unclear. Suspecting acute pancreatitis associated with acute infection, abdominal ultrasound imaging was performed, but it could not depict the pancreas very clearly. Since oozing blood from the puncture site was persistent, clotting function tests were performed but revealed normal clotting ability except for a mild prolongation of prothrombin time (PT): PT (13.4 sec), activated partial thromboplastin time (APTT, 29.0 sec), fibrinogen (332 mg/dL), fibrin and fibrinogen degradation product (FDP, <2.5 μg/mL), and D-dimer (<0.5 μg/mL). Blood chemistry revealed that the serum lipase level was within normal range (16 U/L). Amylase isoenzyme analysis revealed that the pancreatic amylase was 6%, while the salivary amylase was 94%. Furthermore, urine amylase was below the lower limit of normal (73 IU/L), and the amylase-creatinine clearance ratio (ACCR) was calculated to be 0.58%. Based on these findings, the patient was diagnosed with macroamylasemia, and he was discharged on hospital day 17 after observing the clinical course. Two weeks after discharge, the amylase level was decreased within normal range (59 IU/L), and the ACCR was increased to more than 1% (1.12%). The serum amylase level and ACCR have been within normal range over the past year.
Discussion
In the present case, the serum amylase levels were elevated during the convalescent phase of acute asthmatic bronchitis. Since tenderness and swelling of the salivary glands were not evident, mumps was likely negative and acute pancreatitis was suspected. Pancreatitis is a rare condition in children. The predominant causes for developing pancreatitis in children include trauma; congenital pancreaticobiliary malformations; drugs such as anticonvulsant valproate; toxins; viral infections; hereditary disorders; and metabolic disorders [9] . In the present case, acute pancreatitis associated with respiratory infection or drugs was initially suspected. However, on the basis of the laboratory findings, including the normal level of serum lipase, lower level of urine amylase, and reduced ACCR, macroamylasemia was diagnosed. Serum lipase is a useful backup test to confirm pancreatic insufficiency [10] , while serum amylase is a sensitive marker. In macroamylasemia, amylase levels increase in blood and decrease in urine, resulting in the reduction of ACCR. It is well accepted that ACCR is very useful for diagnosing macroamylasemia [11] [12] . ACCR shows 1% -5% in normal individuals. ACCR decrease to less than 1% in macroamylasemia, whereas significant elevation is observed in acute pancreatitis [13] . It was difficult to interpret physical findings in the current patient; however, a decrease in the ACCR aided in the differential diagnosis.
In the present case, as the amylase level elevated on hospital day 12 in the convalescent phase of acute respiratory infection, immunoglobulins exhibiting a cross reactivity with amylase might emerge with an increase in immunoglobulins against a pathogenic organism. This might cause macroamylasemia to develop.
To our knowledge, there have been few reports on acute respiratory infections-associated macroamylasemia.
Conclusion
Our case indicates the possible development of transient macroamylasemia in pediatric patients with acute respiratory infections. When encountering a patient with hyperamylasemia, the possibility of macroamylasemia should be considered in the differential diagnosis. In addition, the ACCR is helpful in differentiating between acute pancreatitis and macroamylasemia.
